INTRODUCTION
During the past 21,000 yr, the retreating Laurentide ice sheet and changing seasonal insolation influenced surficial hydrology in New England by altering atmospheric circulation, surface temperature, and moisture-balance. Therefore, stratigraphic evidence of past lake-level fluctations provides insight into the late Quaternary climates of New England. Winkler and Sanford (1995) illustrated relatively low water levels between ca. 10,000 and 5000 cal yr B.P. on Cape Cod, Massachusetts, and R. summarized evidence from additional lake and mire stratigraphies to demonstrate drier than present conditions at ∼10,000 cal yr. B.P. Newby et al. (2000) used sedimentary data from transects of cores in two southern New England mires, Makepeace and Pequot Cedar Swamps (Fig. 1) , to confirm that dry conditions occurred during the early Holocene.
The lake-level data indicate moisture-balance changes which fit well with conditions inferred from pollen data (R. Newby et al., 2000) . Cool, dry conditions in New England were initially inferred from abundant pine (Pinus) pollen in early Holocene sediments by Deevey (1939) . He further noted that the Holocene sequence of temperate tree types indicated different phases of warmer Holocene climates, including a warm, dry mid-Holocene reflected by abundant oak (Quercus) and hickory (Carya). Later, Davis et al. (1980) used changing elevations of pine and hemlock (Tsuga) macrofossils to infer warmer and drier than modern conditions between 10,000 and 5000 cal yr B.P.
We studied the moisture-balance changes that influenced vegetation history in southern New England by obtaining a detailed lake-level record from a closed kettle pond in southeastern Massachusetts. We confirm that dry conditions prevailed when white pine (Pinus strobus) reached its broadest distribution and highest abundances in New England (Jacobson et al., 1987) . We also provide data to complement sedimentary evidence from Makepeace Cedar Swamp (Newby et al., 2000) and from sites in Ontario (Yu and Andrews, 1994; Yu et al., 1997) that indicate that low water levels coincided with the mid-Holocene hemlock decline (Allison et al., 1986; Bhiry and Filion, 1996) . Like ponds on Cape Cod that have been influenced by rising sea level (Winkler and Sanford, 1995) , our site is located in a coastal aquifer and is potentially sensitive to both sea level rise and changes in moisture balance. We have examined our data for the influence of both factors.
SITE SELECTION AND RECONNAISSANCE
Kettle lakes without surface outlets are effectively watertable "outcrops," where climate is the primary control on the level of the aquifer and the lake. Therefore, we chose Crooked Pond (41
• 53 30 N, 70
• 39 W), a 9-ha oligotrophic closed kettle lake, which fulfilled the optimal basin criteria proposed by Digerfeldt (1986) and Street-Perrott and Harrison (1985) . The pond lies 28 m above sea level, and 62 m above bedrock, atop the coarse sands of the Ellisville kame moraine (Hansen and Figure 2 is based on probing data from the northern (upper) transect. The lower map shows the Plymouth-Carver Aquifer (dark grey) and the sites mentioned in the text, which are used to provide a regional pollen stratigraphic framework. Lapham, 1992) . Like Makepeace Cedar Swamp, 15 km to the west-northwest. Crooked Pond is an exposure of groundwater in the coastal Plymouth-Carver aquifer (Hansen and Lapham, 1992) .
At present, groundwater enters the pond from the west and exits to the east. Measurements of water-table fluctuations, taken from wells within the surrounding aquifer, show annual fluctuations related to variability in the local climate (Hansen and Lapham, 1992) . We assume that annual water-level variability contributes to the processes that allow sediment distributions within the basin to reflect the long-term average water level. Coring and surface sample collection coincided with the time of lowest water levels in the annual cycle, and water-level variance was minimal between coring dates.
Crooked Pond consists two basins ( Fig. 1 ): a steep northeastern basin (ca. 5.5 m deep) and a shallower southwestern basin (ca. 3 m deep). We studied the latter area because gradually sloped basins experience wider lateral movement of the shoreline in association with changes in water surface elevation (Digerfeldt, 1986) . Sediment depth was determined using 1-cmdiameter metal probing rods, at 10-m intervals along a 205-mlong transect down the long axis of the oval basin (N60W). The maximum sediment thickness (11.10 m) and water depth occur ca. 80 m south from the northwestern shore. To understand modern sediment deposition patterns in the lake, we collected surface samples, using an Eckman dredge, and compared sediment characteristics with water depth.
Pine (Pinus strobus and P. rigida) and oak (Quercus rubra and Q. alba) dominate the forest of the sandy, well-drained soils surrounding the pond. Birch (Betula spp.), heaths (Ericacede, e.g., Vaccinium spp.), and myrica (Myrica pennsylvanica, and M. gale) are also present. Aquatic vegetation near the edge of the pond is composed of Eriocaulon (water depths <1 m) and Nuphar (water depths of 1 to 2 m). Myriophyllum forms a carpet throughout the bottom of the pond (depths >1.5 m).
LAKE-LEVEL RECONSTRUCTION METHODS
Eight sediment cores were collected using a 5-cm-diameter hand-driven Wright piston corer (Wright, 1967) . Three cores, B, C, and D, were taken along a transect, oriented N57W, across the basin in 1994. In 1996, core G was taken from a central, deep area, and cores H, I, J, and K were taken at intermediate points to sample the early Holocene record in detail. All cores capture the contact between lake sediments and the underlying coarse glacial sands. To estimate the past water-level fluctuations (Digerfeldt, 1986) , we used the sediment characteristics (i.e., loss-on-ignition and gross grain-size), biostratigraphy (i.e. fossil pollen), and the estimated sediment accumulation rates of these cores ( Fig. 2 and Table 1 ).
FIG. 2.
A profile of the southwestern basin of Crooked Pond from northwest to southeast showing A) the percent organic content of surface-samples, and B) core locations, sediment stratigraphies, and pollen stratigraphic correlations. The dashed lines connect the positions of the second peak in spruce pollen abundance (S2), the peak in heath pollen abundance (HE), the point at which oak pollen first rises above 30% abundance (O), the hemlock decline (HD), the late-Holocene hemlock rise (HR), and the ragweed rise (RR). The core stratigraphies are generalized to show three types of sediment: detrital organic sediments, inorganic clay and sands. a Cores B, C, and D were retrieved from sites along a transect oriented N57W, while cores H, J, I, and K were retrieved from locations along a line fixed across the lake, oriented N60W, slightly askew to the first transect. Core G fell along neither transect.
b The distances given are measured from the southeastern shore of the basin. The distances for cores H, J, I, and K are known precisely due to the fixed line used during the capture of these cores. The distances for the other cores are more approximate.
The sediments of each core and the additional surface samples were described. Loss-on-ignition (LOI) at 550
• C estimates the percent organic content (Dean, 1974) . Pollen samples were obtained at ca. 10-cm intervals from each core, processed, and counted using standard techniques (Faegri and Iverson, 1989) . Between 300 and 500 pollen grains were counted per sample. Pollen stratigraphic correlations, guided by square-chord dissimilarity measures (Overpeck et al., 1985) , helped ensure that similar-age sediments were compared between cores when making water-level estimates. a Regional pollen stratigraphic dates are shown in italics and radiocarbon dates on sediments are shown in bold. Calibrated ages for radiocarbon dates were obtained using the IntCal93 dataset (Stuiver and Riemer 1993) .
Note. AMS = accelerator mass spectrometry.
A comparison of sediment types revealed changes in lithofacies among cores and pollen stratigraphic correlations revealed hiatuses in shoreward records. These data constrained the past location of the "sediment limit" (Digerfeldt, 1986; Dearing, 1997) , which parallels the water-surface level. We assumed that past change in water level was represented accurately, if not precisely, by applying the modern relationship between the water surface and the sediment limit. We focused on reconstructing the past water-surface elevations because water depths may change independent of climate, due to processes such as sediment infilling.
CHRONOLOGY
For an initial chronology, we used linear interpolation between five well-recognized pollen stratigraphic horizons in core D and their calibrated ages: the ragweed (Ambrosia) increase (200 ± 50 cal yr B.P.), the hemlock decline (5300 ± 200 cal yr B.P.), the increase in oak pollen above 10% (10,700 ± 500 cal yr B.P.), the second (Younger Dryas-age) spruce (Picea) peak (12,600 ± 200 cal yr B.P.), and the low between peaks in spruce percentages (13,200 ± 300 cal yr B.P.). Each of these stratigraphic events is observed at sites throughout southeastern New England and the age of each event, as estimated by linear interpolation between calibrated radiocarbon dates, is consistent among sites (Newby et al., 2000) . We estimated the error of these dates based on the standard deviation of the spread of dates across the region. We then filled in and tested the proposed chronology by obtaining three bulk sediment radiocarbon dates from core D ( Table 2 ). The radiocarbon ages were calibrated by interpolating between dates given in the IntCal93 dataset (Stuiver and Reimer, 1993) . The calibrated ages fall on or extremely close to the linearly interpolated lines between the pollen stratigraphic dates, thereby confirming the robustness of the estimated chronology (Fig. 3) . Four additional AMS radiocarbon-dated sediment samples (Table 2 ) from two other cores also fit well with ages estimated by regional pollen stratigraphic comparisons: two bracketing the second (Younger Dryas-age) spruce peak in core K, one near the base of core K, and one from above a sand-layer in core I. With the age-model for core D established ( Fig. 3) and tested, regional and local pollen stratigraphic events were used to correlate between cores to provide age assignments for the observed litho-stratigraphic horizons.
SEDIMENTARY AND STRATIGRAPHIC EVIDENCE

Surface Sediment Samples
Surface samples taken across the pond reveal that the upper limit of organic sediment accumulation within the basin, the "sediment limit" (Digerfeldt, 1986) , lies at water depths of approximately 1 m. Near-shore (water depths <1 m) modern sediments are mostly sands containing <15% organic matter. At greater depths, the sands grade into dark gelatinous muds and the organic content of the substrate rises sharply to >40% (Fig. 2) . Ten surface samples taken at depths of 60 cm or less had a mean organic content of 5% with a standard deviation of 4%. Two samples from depths of 85 and 94 cm yielded 28% and 27% organic contents and eight samples taken from depths of >120 cm contained 48 ± 2% organic matter. Because substrates below the sediment limit are homogeneous with consistently high organic content (Fig. 2) , downcore variability likely reflects environmental change rather than heterogeneity intrinsic to the detrital lacustrine sediments.
Sediment Stratigraphy
The eight cores contain predominantly dark brown detrital organic mud overlying clean coarse sands, typical of the surficial glacial deposits about the pond (Fig. 2) . In cores D, G, and K, taken from the deep portion of the basin, fine-grained sediment is continuous to the top. In core D, the upper 732 cm of fine-grained organic sediments overlie glacial sands, with the lowermost 22 cm of the core containing alternating layers of gray inorganic clay and fine sands.
Cores H, I, J, and C, taken from the shallow portion of the basin, contain sand layers not found in the three cores from the deeper parts of the lake (Fig. 2 ). The stratigraphies of cores H, J, and I are similar to each other, and core J is representative of the three. It contains a basal unit, 24 cm thick, of dark grey inorganic silt and sand, which grades into 13.5 cm of fine-grained dark organic-rich mud. A sharp contact separates these sediments from an overlying sand layer, 20.5 cm thick. This sand layer contains an upward coarsening sequence, 16.5 cm thick, that grades from very fine to very coarse sand. Above the sand layer, dark brown detrital organic mud is continuous to the top of the core. Cores I and H contain similar sequences with predominately dark-brown detrital organic mud interrupted by an upward-coarsening sand layer, 6 cm thick in both cores (Fig. 2) .
Further shoreward, in core C, a 69.5-cm-thick layer of poorly sorted sands, ranging from very fine to coarse, overlies 7.5 cm of lacustrine mud at the base of the core. Dark brown organic mud, 128 cm thick, overlies the sand. In contrast, core B, the core nearest the modern shoreline, contains 105 cm of uninterrupted brown detrital organic mud and contains no sand intervals.
Loss on Ignition
Low percent organic content corresponds with sandy intervals in the cores. In the two long, deep cores, D and G, a sharp drop to 10-20% approximately 100 cm below the modern sediment surface (Fig. 4) coincides with a well-recognized and dated decrease in hemlock pollen abundances dated to 5300 ± 500 cal yr B.P. (Allison et al., 1986) . A radiocarbon date in core D, taken from just above the interval of low organic content, calibrates to 3000-3300 cal yr B.P. Pollen stratigraphic correlation indicates that the rise in percent of organic matter is synchronous in core G (Fig. 4) .
Pollen Stratigraphies
Core D is the only record that contains all pollen stratigraphic zones, which represent the vegetation history of southeastern New England over the past ca. 15,000 cal yr B.P. (Fig. 5) . Cores K, I, J, and H extend to late-glacial times, although late-glacial sedimentation rates were reduced and early Holocene stratigraphies are truncated, or at least compressed, in cores I, J, and H. Cores G, C, and B contain later Holocene pollen sequences.
In cores D, K, I, J, and H, pine pollen (with no recognizable Pinus subgenus strobus-type pollen) is abundant, and spruce pollen percentages decline across pollen zone, 1a. Above, in zone 1b (ca. 13,000-11,100 cal yr B.P.), spruce pollen percentages rise to a second peak (>50%), typical of late-glacial records from southern New England (Deevey, 1939; Leopold, 1956; Davis, 1969; Gaudreau and Webb, 1985) . Peteet et al. (1990) have shown this spruce pattern to be related to cool climates during Younger Dryas time. Peaks in alder (Alnus) and fir (Abies) pollen also occur in zone 1b.
Zone 2a is absent or reduced in thickness in cores I, J, and H (Fig. 6) . Peaks in the percentages of birch, myrica, and heath pollen distinguish the lowermost portion of zone 2a in cores D and K. Zone 2a is also characterized by the highest percent- ages of pine pollen (48-72%), with white pine (Pinus subgenus strobus-type) pollen being particularly frequent. In cores I, J, and H, sand layers clearly truncate this zone (Fig. 6) .
The fine organic sediments found above the sand layers are early mid-Holocene age and correspond to zones 2b and 3a (Fig. 6) . Zone 2b, which is well recorded only in cores D, K, and I, has high percentages of pine (>30%, with low percentages of white pine-type pollen) and oak (>30%) pollen with lesser amounts of birch and hemlock pollen. Zone 3a, also present in cores J and H, is marked by increased percentages of hemlock and beech (Fagus). The onset of organic deposition above the sand layer in core I occurred during zone 2b and is dated at 8990 cal yr B.P. (Table 2 ). However, deposition in cores J and H did not resume until zone 3a, 1000 years later, based on a date of 7700 cal yr B.P. in core D ( Table 2) .
The mid-and late-Holocene pollen zones 3 and 4 contain high percentages of pine and oak pollen (>30% and >20%, respectively) and relatively high values (>3%) of birch pollen. These zones are, further, distinguished by small changes in the percentages of hemlock, beech, hickory (Carya), and ragweed pollen (Figs. 5 and 6). In core C, the basal samples contain more than 2% beech pollen and 6% hemlock pollen, characteristics of zone 3a.
At the onset of zone 3b, a decline in hemlock pollen percentages corresponds to a rise in hickory and birch pollen percentages. We recognize this small (ca. 4%) change in pollen percentages as indicative of the pathogen-triggered decline in hemlock populations (Alison et al., 1986) . We feel confident in this conclusion because the pattern is consistent between cores at Crooked Pond (Fig. 3) , and the pollen stratigraphic context fits well with other regional records (Winkler and Sanford, 1986;  Fig. 2 ). Bars to the left represent the sediment stratigraphies, with dark gray for detrital organic mud and light gray for sand. Circles mark the position of calibrated radiocarbon dates (cal yr B.P.) The inset shows the position of sand layers (shaded) in cores I, J, and H relative to the total pine (thin line) and white pine (Pinus subgenus strobus-type; heavy line) stratigraphies. Light gray curves in the upper cores K and I stratigraphies also represent percent white pine. Pollen taxa are abbreviated in diagrams for cores K, I, C, and B, but the order of presentation is the same as for core D. Davis, 1969) . A relatively long interval of low hemlock pollen percentage follows (Figs. 5 and 6), with percentages rising again at approximately 3200 cal yr B.P., based on a calibrated radiocarbon date from core D.
FIG. 6. Selected pollen types from cores D, K, I, C, and B, with lines of correlation (as in
The base of the sand layer in core C corresponds to the hemlock decline of zone 3b. Samples from above the sand layer contain relatively high abundances of hemlock and beech pollen. Square-chord dissimilarity coefficients (<0.15) indicate that these core C pollen samples correlate to pollen spectra between 90 and 60 cm in core D. Therefore, organic deposition was likely renewed ca. 3000-2000 cal yr B.P. Similarly, the deepest samples from core B show an increase in hemlock pollen percentages from <1% to >4%, suggesting that this core also began to accumulate organic sediments around 3000 cal yr B.P. A rise in the abundance of ragweed pollen, dating to ca. 200 ± 50 cal yr B.P., marks the start of zone 4 at 10 cm in core B, 15 cm in core C, 14 cm in core G, and 22 cm in core D (Fig. 6) .
INTERPRETING THE STRATIGRAPHIC DATA
Assumptions
The distribution of the modern sediment facies (Fig. 2 ) is in accordance with the model that wind-driven surface currents and seasonal variance in water level winnow the fine-grain materials from shallow near-shore sediments and redeposit them in the deeper portions of the basin (Davis and Ford, 1982; Dearing, 1997) . Therefore, we used the maximum elevation of fine-grained organic sediments in synchronous intervals of our cores as a proxy for the position of the sediment limit (Table 3) . Then, we assumed that (1) no more than 1 m of water can overlie sandy deposits, (2) water levels were not significantly below sandy deposits, and (3) no less than 1 m of water can overlie highly organic deposits (otherwise erosion and temperaturedependent decomposition of the sediments would be evident). In general, we assume that the changing distribution of lithofacies accurately represents the relative water-level changes, even if our attempt to quantify the changes relies on modern relationships that may have differed from those of the past.
Inferred Water Levels
The lowermost sediments in the basin indicate that the lake formed during a period of abundant spruce at ca. 14,900 cal yr B.P. The absence of late-Pleistocene sediments in cores C and B indicates that water levels were initially lower than modern. Cores I, J, and H were near to shore, and initially experienced significantly slower sedimentation rates than cores D and K. The c Past sediment surface is estimated from the sediment interval in core D determined by pollen stratigraphic correlation to be the equivalent of the sediments used to determine the water level.
d The range of water depths has been calculated by subtracting the max water elevation from the min sediment surface elevation and the min water elevation from the max sediment surface elevation.
water surface was likely more than 4 m below the modern lake surface or lower until ca. 11,200 cal yr B.P. (Table 3 ; Fig. 7) . In cores I, J, and H, sand layers overlie the late Pleistocene sediments (Fig. 6 ). These stratigraphies suggest that while water levels were initially high enough to accumulate detrital organic mud up to the elevation in core H, the water surface fell in the   FIG. 7 . Water table elevations at Crooked Pond through time. The plot illustrates the estimated elevation of the water surface, based on stratigraphic and sedimentary evidence summarized in Table 3 . Boxes indicate the constraint on water-level elevations, as well as dating error.
early Holocene. The lower water level caused a shift in lithofacies, dropping the sediment limit to below core I. This change reduced accumulation in the shallow cores, as indicated by truncated pollen stratigraphies (Fig. 6) .
Although factors such as mean wind velocity can affect the depth of the sediment limit, upward coarsening sequences in the sand layers are typical of a prograding shoreline and consistent with a drop in water level. The pollen data and the contrast between radiocarbon ages in cores D and I also indicate that the sand layers accumulated over 1200 to 2000 yr (Fig. 6) , rather than during an instantaneous event. Therefore, we infer that low water levels lasted from ca. 11,200 to 8000 cal yr B.P., with the maximum lowering from ca. 10,200 to 9000 cal yr B.P.
The time-transgressive nature of the contact between the sands and the overlying organic muds in cores I, J, and H indicates that water levels rose slowly at first. The sediment limit remained >5.8 m below the modern water level ca. 9000 cal yr B.P., when fine-grained sediment began to accumulate in core I. The sediment limit did not rise significantly until after ca. 8000 cal yr B.P., when fine-grained deposition resumed at core H (at 5.2 m below the present water level). Higher in the basin, in core C, the oldest organic sediments (5.1 m below modern water level) are much younger, dating only to about 5800 cal yr B.P. After 8000 cal yr B.P., the sediment limit rose to a position between cores H and C and continued to rise until after 5800 cal yr B.P., when deposition began in core C. Rising water, shifting the littoral vegetation away from the center of the pond, may account for the low abundance of aquatic pollen in core D at this time (Fig. 5) .
The basal lacustrine sediments in core C are overlain by a sand layer, which corresponds to the decline in the organic content of sediment in cores D and G. The hemlock decline (5300 cal yr B.P.) also correlates with these sedimentary changes (Figs. 3 and 6) . Using the elevation of the sand layer in core C as a constraint on the past elevation of the sediment limit (5.0-4.3 m below the modern water surface), we infer that ca. 5300 cal yr B.P., the water surface lay >4 m lower than today. Thus, the water was shallow (∼0.7 m) even in the center of the basin (Table 3) , causing the organic content of the sediments to drop in cores D and G. As in modern surface samples, shallow (warmer and more turbulent) conditions caused a reduction in organic preservation and accumulation. This shallowing resulted from either sediment infilling or a drop in water level.
Deposition of organic-rich mud resumed in cores D, G, and C by 3300-2800 cal yr B.P. After ca. 2800 cal yr B.P., fine-grained lacustrine sediments were first deposited in core B (at 2.2 m below the modern water level). For this reason, we infer a large rise in the water surface elevation during the late Holocene.
ROLE OF SEA LEVEL
Variations in sea level may be expected to play a role in forcing changes in the water level of a coastal aquifer. However, between 14,000 and 3,000 cal yr B.P., sea level rose at least 45 m off the Massachusetts coast (Oldale and O'Hara, 1980) , but water levels at Crooked Pond fluctuated only a few meters or less about a long-term mean level (ca. 4.5 m below the modern water level). Periods of low water levels at Crooked Pond near 9000 and 5300 cal yr B.P. demonstrate the influence of climate rather than of sea level, because the water level changed in the direction opposite to the sea-level rise.
During the past 3000 cal yrs B.P., the increase in water levels at Crooked Pond is consistent with regional evidence for increased moisture levels (Newby et al., 2000; R. Webb et al., 1993) . However, this trend is also similar in magnitude and timing to a regional sea-level rise. Crooked Pond water levels increased approximately 0.5 mm/yr after 2300 cal yr B.P., which is slower than estimated rates of regional sea-level rise based on radiocarbon dates from basal salt marsh peats (Donnelly, 1998) , including data from nearby Neponset River and Barnstable Salt Marsh (Redfield, 1967) . Although sea-level changes may have influenced water-table elevations in the Plymouth-Carver aquifer over the past 3100 cal yr B.P., the rate differences indicate that sea-level influences must have been attenuated at Crooked Pond. For these reasons, we consider climate to be the primary forcing mechanism behind the inferred water-level changes.
REGIONAL CLIMATE HISTORY AND VEGETATION RESPONSES
Climatic controls on the input of moisture into the PlymouthCarver aquifer over the past 15,000 cal yr caused the lake-level fluctuations at Crooked Pond. As would be expected in this case, the water-level history from Crooked Pond matches the record from nearby Makepeace Cedar Swamp (Newby et al., 2000) . These hydrological changes also coincide with shifts in vegetation such as the early Holocene increase in white pine. Furthermore, the paleohydrology record from Crooked Pond is consistent with the variations in soil moisture described for southern New England (R. . These results suggests that vegetation was responding to climatic changes. 000 to 8, 000 cal yr B.P.) Changing abundances in spruce, pine and oak pollen indicate an increase in surface temperatures from ca. 11,200 to ca. 9500 cal yr B.P. (e.g. Davis et al., 1980; . The decrease in spruce pollen percentages and the initiation of high abundances of white pine pollen at Crooked Pond (11,200 ± 500 cal yr B.P.) coincide with a warming at ca. 11,650 ± 200 cal yr B.P., as inferred from geochemical records from Greenland (Stuiver et al., 1995) , fossil chironomids from Atlantic Canada (Walker et al., 1991; Cwynar and Levesque, 1995) , and pollen data from across New England (e.g. Peteet et al., 1990) . However, the water-level records suggest that the increased white pine populations across New England (Deevey, 1939; Leopold, 1956; Davis, 1969; Peteet et al., 1990) resulted not only from warming at the end of the Younger Dryas chronozone, but also from a synchronous decrease in available moisture. This shift to drier conditions is recorded in Crooked Pond (Fig. 7) , as well as at Makepeace Cedar Swamp, where shallowing began ca. 11,000 cal yr B.P. and culminated in a hiatus that lasted until ca. 8000 cal yr B.P. (Newby et al., 2000) . A slight increase in heath populations at this time may reflect the greater availability of suitable habitats caused by the drainage of topographic depressions. In contrast, the arrival of hemlock into the region ca. 10,200 cal yr B.P. attest to the importance of rising temperatures for vegetation change.
Late
Hemlock pollen percentages were initially extremely low at Crooked Pond, suggesting that the arrival of hemlock into the local landscape (Davis and Webb, 1975) did not occur until ca. 8000 cal yr B.P., when the lake-level record indicates increased moisture availability. Beech populations also became more frequent at this time. Water levels in the pond began to rise slowly ca. 9000 cal yr B.P. but remained relatively low, allowing sand deposition to continue at site H until ca. 8,000 cal yr B.P. The latter age corresponds to the time when the hiatus at Makepeace Cedar Swamp ended (Newby et al., 2000) . At Crooked Pond, the water-table elevations rose until 5800 cal yr B.P. Again, the pattern of Makepeace Cedar Swamp (Newby et al., 2000) is similar, with fine-grain organic sediments, which overlie peats, being deposited between 8000 and 5300 cal yr B.P. Based on these records, the replacement of white pine populations in New England by birch, beech, and hemlock likely reflects an increase in effective moisture after 8000 cal yr B.P.
Even as North Atlantic sea-surface temperatures increased at the end of the Younger Dryas chronozone, a well-developed glacial anticyclone and a strong belt of westerlies focused near the southern margin of the ice sheet continued to prevent significant meridonal flow over eastern North America. Consequently, moist air masses were prevented from reaching southern New England. Only as the Laurentide ice sheet waned, ca. 8000 cal yr B.P., did the glacial anticyclonic circulation diminish, allowing meridonal flow to increase and moist Atlantic air masses to become more frequent in southern New England. Recent simulations with the NCAR CCM1 corroborate this interpretation (Bartlein et al., 1998) .
Mid-Holocene Shallowing of Crooked Pond
(5500 to 3100 cal yr B.P.)
Between 5300 and 3100 cal yr B.P., sandy deposition in core C and the low organic content of cores D and G indicate a period of shallow water. The stratigraphy at Makepeace Cedar Swamp (Newby et al., 2000) also supports a change in moisture regime at ca. 5300 cal yr B.P., when the basin began its most recent phase of peat accumulation over consolidated organic mud. During this drier phase, Makepeace Cedar Swamp shallowed sufficiently to allow peat formation whereas Crooked Pond remained deep enough for open water to remain in the central part of the basin. The pollen record from Owl Pond on Cape Cod (Tzedakis, 1992) contains a peak in pine pollen percentages between 5500 and 3000 cal yr B.P. This peak may also indicate conditions that were drier than modern.
As suggested by Bhiry and Filion (1996) and Yu et al. (1997) , drier-than-present conditions at 5300 cal yr B.P. perhaps stressed the hemlock populations, thereby increasing their susceptibility to pathogens. Low percentages of hemlock pollen indicate that populations were infrequent or absent on the sandy soils surrounding Crooked Pond. However, populations in more favorable habitats across the pollen-source region declined in abundance as dry conditions caused water levels to fall. The decline is likely to have been more severe than otherwise anticipated under these conditions due to the role of insect activity or disease. Dry conditions about the time of the hemlock decline are consistent with evidence for lower than modern water levels at Mansell Pond, Maine (Almquist- Jacobson et al., in press ), Albion Lake, Quebec (Lavoie and Richard, 2000) , Lac du Triangle, Quebec (Asnong and Richard, 1998), Rice Lake, Ontario (Yu et al., 1994) , and Crawford Lake, Ontario (Yu et al., 1997) .
Late-Holocene Water-Level Rise (3100 cal yr B.P. to Present)
After 3000 cal yr B.P., water levels rose significantly above earlier levels, as shown by the onset of lake sediment deposition in core B at Crooked Pond and peat deposition in a short, near-shore core at Makepeace Cedar Swamp (Newby et al., 2000) . During this time, other sites from New England and eastern Canada also record higher water levels, including Pequot Cedar Swamp, Connecticut (Thorson and Webb, 1991) , Mansell Pond, Maine (Almquist-Jacobson et al., in review), Albion Lake, Quebec (Lavoie and Richard, 2000) , Lac du Triangle, Quebec (Asnong and Richard, 1998), Rice Lake, Ontario (Yu et al., 1994) , and Crawford Lake, Ontario (Yu et al., 1997) . The expansions of chestnut eastward (Gaudreau and Webb, 1985; Johnson and Webb, 1989) and spruce southward (Webb et al., 1983; Davis et al., 1980; Spear et al., 1994; Gaudreau and Webb, 1985) and the recovery of the hemlock populations after 3000 cal yr B.P., is consistent with a regional climate that had become moister and cooler than earlier.
CONCLUSIONS
The sediment and pollen stratigraphies from eight cores reveal a history of fluctuating water levels at Crooked Pond. Water levels were low during the early Holocene, indicating that dry conditions prevailed during the time of high percentages of white pine pollen in southern New England (11,200 and 9500 cal yr B.P.). After 8,000 cal yr B.P., rising water levels indicate that the influence of the Laurentide ice sheet waned and subtropical air masses became more frequent over southern New England. In the mid-Holocene, the shallowest conditions occurred at Crooked Pond, indicating that drier than modern conditions coincided with the regional hemlock decline (5300 cal yr B.P.). These dry conditions may have contributed to the susceptibility of hemlock to attacks by pathogens (Yu et al., 1997; Bhiry and Filion, 1996) . After 3000 cal yr B.P., water levels rose when a change the regional vegetation indicated cooler and moister conditions than earlier. Thus, the water-level records from southern New England show that, as Deevey (1939) suspected, the vegetation history reflects intermixed effects of both temperature and moisture balance.
